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ABSTRACT

The experiments were carried out to develop and construct a local grinding machine for grinding
yellow maize grains for producing animal fodder. The performance of the developed machine was studied
under the following parameters: Four different drum speeds of (1400, 1600, 1900 and 2300rpm) or (26, 30,
36 and 43m/s) , three screen hole diameters of (3.5, 5, and 8.5mm) and three different patch sizes of (5, 10,
and 15kg). The performance of the manufactured machine was evaluated taking into consideration the
following indicators: machine productivity, particle size distribution (fineness degree, medium degree, coarse
degree), required power, specific energy and operational cost. The experimental results reveal that the highest
value of machine productivity was 931kg/h, while the lowest values of both specific energy and operational
cost were 3.1kW.h/Mg, and 21.8L.E./Mg, respectively. The optimum operating parameters of the developed
grinding machine were obtained at 1900 rpm (36m/s) drum speed by using 8.5mm screen diameter with

patch size of about 15kg.
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INTRODUCTION

Maize is a summer crop that is used as human
food, animal feed, an important source of the oil industry,
low water consumption, low costs, and suitable for
cultivation in most agricultural lands in Egypt. Corn in
large quantities solves most of the nutritional problems
that Egypt suffers from. Maize, or Zeamays L, is the
world's third most important seed-yield, coming in third
place behind Wheat and Rice in terms of planted area and
production. Yellow Maize enters percentage of 50-70%
of the poultry feed because of its low fiber and high-fat
content in comparison with other forage grains makes it
highly digestible to feed poultry and is considered one of
the richest grains with thermal energy and contains a high
percentage of vitamin A. Maize production helps to
lower feed prices by accounting for 70% of plant feed
components, while leaves and stems are utilized as green
fodder.

Its total area in the world in the year 2019 was
487,302 million feddans with a total production of 1,148
billion Mg, (FAO, 2019). Its total area in Egypt in the
year 2019 was 2.458 million feddans with a total
production of 7,450 million Mg, (FAO, 2019). Pérez-
Bonilla et al. (2014); Dabbour et al. (2015); Herrera et
al. (2018) referred to that maize is eaten directly by
humans, animal feed, uniformly nutritive poultry diets,
corn starch, corn syrup, oil, protein, and as a co-product
as anthocyanins, which are used as naturally sourced
colors in food and cosmetics, alcoholic drinks, and more
recently as bio-fuels. Ali et al. (2019) mentioned that, a)
Using chains instead of traditional hammers had a
noticeable impact on the grinder indicators and ground
particle measurements. b) Chains had a major impact on
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all the studied indicators when the sieves' diameter was
increased from 4 to 6 and then to 8 mm. c) Chain
hammers with an 8mm sieve diameter used the least
amount of energy, had the highest power, and caused the
least temperature increase. Abd Elmotalb and Bejo
(2009) found that as the hammer rotating speed increased
from 20.1 to 44.2 m/s at any screen hole diameter, the
system efficiency and power demand of the grinding
process increased.

As the screen hole diameter decreased from 7 to 2
mm, the milled product's fineness improved. Ahmed et
al. (2006) studied that sieve openings and grain form are
two important factors that influence machine ability and
energy consumption. The use of sieves with small
openings results in an improvement in the fineness of the
ground substances, which before getting out of the sieves
openings and the capacity decreases in turn alternatively
more electricity is needed to rotate inside the internal
grinder case.

The diameters of the used sieve openings had an
effect on the average of the measured ground-particle
values. Kumar and Vettivel (2014) stated that grinding
demands a large amount of energy for each volume of
particles, which leads to an increase in the temperature of
the grinding zone as a result of the force applied and
friction.

The problem in producing these devices is to
retain excellent quality while increasing production and
reduce costs.

This paper reports on the development and testing
of a local grinding machine for grinding maize grains to
feed the animals which increasing both processing
industries in Egypt and animal resource. So, such care
had to be taken to develop and operate the machine under
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the optimum conditions to minimize both specific energy

and operational cost. Thus, the objectives of this research

are to:

1.Develop and manufacture local grinding machines to be
suitable for grinding the maize grains.

2.0ptimize some operating parameters (drum speed, screen
diameter, and Patch size) affecting the performance of the
developed machine.

3.Evaluate the developed machine from an economic
standpoint.

MATERIALS AND METHODS

This study was carried out through the year 2020 in
El-Westany town, Damietta Governorate to develop and
construct a locally grinding machine for grinding the yellow
maize grains. The sample of maize grain was bought from
the local farmers in EI-Westany town, Damietta
Governorate.

Materials
The used crop

Yellow maize (HYTECH 110 variety) having a
moisture content of 8.6 % (wet basis) was used in this study.
Some physical properties of the used maize variety under
this study before grinding operation are shown in Table (1).

Table 1. Some physical properties of grain maize
(variety of HYTECH-110 variety).

Item Value Unit
AV. Length 12.64 mm
AV. Width 9.07 mm
AV. Thickness 4.38 mm
AV. Volume 263.19 mm?3
Mass of 100 grains 37 g
Arithmetic Mean diameter 8.7 mm
Geometric mean diameter 7.95 mm
Spherecity 2.65 %
Surface area 198.51 mm?
Moisture content of grains 8.6 %
Angle of repose 28 degree
Static coefficient of friction 53 degree
Developed machine

The grinding machine was, manufactured,

developed and evaluated technically.
Fig. (1) shows a general 3D drawing of the
developed grinding machine.
Specifications of the developed grinding machine
The developed grinding machine used in this study
was manufactured, developed, and tested at a workshop in
El-Westany town, Damietta Governorate, Egypt.
Many considerations were taken
constructed the grinding machine as follow:
1. Construction and Simplicity by locally available
materials.
2. Develope and manufacture local grinding machine to be
suitable for grinding maize grains.
3. Consideration for material selection was based on
availability, durability, ease of machining, and cost.
4. Evaluate the machine from an economic standpoint.
Construction of the developed grinding machine
The modifications and the development of the
grinding machine were manufactured as follows:

during

a) Feed hopper

The hopper was designed and manufactured with
hopper gate. The hopper made from steel iron having two
openings, one of which is at the top to receive maize
grains for grinding with dimensions of (72x72x26c¢cm) for
length, width, and height, respectively. The sides of this
hopper sloped gradually to allow sliding of maize grains
and keep continuous flow at an adequate feed rate from
the hopper to the grinding chamber. Therefore, there is
another slope at the bottom of the hopper to feed the
maize grains into the grinding chamber with dimensions
of (17x12cm) for length and width.

The hopper bottom has a slope angle of (32
degrees) on the horizontal level. The feed hopper is not
welding with the mainframe of the machine, but it was
fixed with four steel bolts. The machine's feeding process
is manually controlled to control the throat width through
a sliding gate fixed at the hopper bottom to control grain
falling from the hopper based on product free fall with
dimensions of (23x13cm) for length and width, gate
thickness of 2mm.

b) Grinding chamber

The grinding maize machine having three main
parts as follows:

e Grinding drum

The grinding drum is a horizontal steel shaft with
2.5cm in diameter and 39.2cm in length laid on two
horizontal bearings and supported with two steel flanges
having a diameter of 17cm and thickness of 4mm, each
flange was bored at its outer circumference to receive two
steel bars with total length of 10cm. Each bar loaded with
4 equal hammers each one having dimensions of
(160x30x6 mm). The grinding drum has 8 hammers with
1.5cm between each one on the same bar.

e The lower part: (serves as the concave)

The lower part of the grinding chamber is a screen
made of steel with dimensions of (110x17x 0.2cm) for
length, width, and thickness. The clearance between
hammers and machine concave was 15mm. The maize
grains are disintegrated because of the action of the
hammers. Pass through the screen holes at the desired
diameter of grinding.

e The upper part

The upper half of the grinding chamber is a smooth
semicircle with an opening for dropping the maize into the
grinding chamber.

e Grinding chamber door

There is a door to close the grinding chamber
tightly so that no yellow maize grains come out, and this
door is closed with a screw. The grinding chamber door
diameter is 40 cm.

c) Power transmission

The machine was powered by an electric motor of
2.91kW (3hp) at the maximum rated speed of 1400 rpm.
The electric motor transmits its rotating motion to the
grinding shaft by means of pulley with 15cm in diameter
and V-belt powered to changeable pulleys on the grinding
shaft to obtain the experimented drum rotating speeds, as
shown in Fig. (2).
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Fig. 2. Power transmission from electric motor to grinding shaft.

d) The main frame

The main frame of grinding machine is constructed
from steel. It includes elements to fix the electric motor, the
grinding chamber, and its components, the power
transmission system. It is fixed to the ground by four arms
with a total height of 98cm and width of 53cm.

(E) Design of grinding shaft:

The transported power shaft is supported by two
bearings. The first bearing locating in the case which
includes the pulling gears, and the second bearing locating
at the end of the shaft behind the grinding chamber. There
are two loads affecting the transported power shaft. The first
load (F1) was transported from the weight of pulley, Tension
on the tight side of belt and Tension on the slack side of belt.
Second distributed load (F2) due to Maximum hopper mass
and drum knives mass added to the sample mass. These two
loads are in the same plane and direction, as shown in Fig.
(3). The shaft under these loads is subjected to combined
bending and torsion stresses. The diameter of the transported
power shaft can be calculated according to the maximum
shear theory as following:
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Where:

T max = Maximum shear stress, T ., =450 kg/cm2

O = astress, kg/cm?
M = Maximum bending moment, kg.cm
T = Maximum torque kg.cm
d = Diameter of ashaft, cm
Km= Shock factor for bending, 2
Kt = Shock factor for tension, 1.5
e Determination of maximum torque, (Tmax):
The maximum torque at the transported power shaft
can be calculated as follows:

T xr, kgemeo....... (4)

max = Pﬂ’.&}i
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Where:
Tmax = Maximum torque at grinding power shaft, kg. cm
Frmax = Maximum force at grinding shaft, kg
r = Radius of grinding drum, cm
The maximum force required for pulling plants
along the pulling bar can be calculated as follows:

_ =T1640%3 153 5-155Kgem
; 1400 :
Fop = —= = 21ke
B 5D

e Determination of maximum bending moment, (Mmax):
Maximum bending moment can be calculated from (F1, F»)
as follows:
1. Determination of Fu:

Fi=Ti+TAW.............. )

Where:

F1=Tension force on pulley, kg & W =Weight of pulley, kg

T, =Tension on the tight side of belt, kg & T, =Tension on the slack
side of belt, kg

~(T,-T,)=21kgcm

h-ToH=—— & T, =(T,-T,)xr
Where:
Tm= Torque at pulley shaft, kg.cm r = Radius of power shaft
pulley, cm
Fmax = Maximum tension force at power shaft, kg
T .
--Ratio of tensions =—+=e"% & pe= .'u ______ (6)
T, sin
Where:
u = Coefficient of friction, 0.3
B = Groove angle of pulley, 73’
0.3
Lue = ——— e = 0.63
0478
- B=m—2sin” (D, -D,)/2C] (7
Where:

0 = Angle of contact, rad

D, = Diameter of power shaft pulley, 15cm.

D, = Diameter of conveyor belt pulley, 15cm.

C = Distance between the two axis of pulleys, 50cm

8=314 - 2sin " [(15-15) /2% 50]=3.14 rad

L _pess L g
T: T:
From equation (5) and (7) we get the follows:
2T=33Tkg & T=103T, ~T=2437ke
LF=23743374375 - B=315k

2. Determination of F2:

F> = Maximum weight of grains in the hopper and
drum knives weight =50 + 4.5 = 54.5kg
3. Determination of (Ra and Rs):

Y MatB=0
SR, x32)+(545%85) = (315 x19)
3R, =598.5 —463.25 R, =422~4kg
&Y Y =0
“R,+R;=315+545 R, =82kg

By using the loading diagram. The reactions on
bearing shaft (Ra) and (Rg) can be calculated as follows:

M, =00kgcm

M, =(4=x13)=52kgcm

My =(4%x32)-(31.5 %19) =-470kg cm
My =0.0kg.cm

4. Determination of maximum bending moment (Mmax):
From stress analysis on grinding shaft shown in Fig
(3) and safty factors taken for bending stress and torsion
stress of 2 and 1.5, respectively, the maximum bending
moment on the grinding shaft equal Mmax= (470 kg.cm).
Then the maximum shear theory is applied as follows:

6 T
r =— K MUK T
nd’
- 16 a1 -l zl z il
- 480=—— 21 (470) 1575 (154)
344
5 16 7 3 b 19
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Fig. 3. Stress analysis on grinding shaft.
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Methods:

The main experiments were carried out to develop
and evaluate the performance of the maize grinding
machine.

Experimental conditions

Preliminary experiments were carried out to develop
local maize grinding machine. The performance of the
developed machine was experimentally measured under the
following parameters:

1- Four different drum speeds of (1400, 1600, 1900 and
2300rpm) or (26, 30, 36, 43m/s).

2- Three screen hole diameters of (3.5, 5, and 8.5mm).

3- Three different patch sizes of (5, 10, and 15kg).
Measurements and Determinations

Evaluation of grinding machine was performed
taking into consideration the following indicators:
Determination of the crop's physical properties

A random sample of one hundred maize grains was
taken from (HYTECH 110) variety to measure the length
(L), width (W), thickness (T). The obtained data were
studied in arithmetic mean diameter (D), geometric mean
diameter (Dg), Spherecity (@), surface area (S), moisture
content of grains (Mc), and mean hundred-grains mass and
that is using the digital balance. hundred-grains mass and
that is using the digital balance.

V= S W) (1D
D, =3JLWT. mm (12
ILWT)
p="> N0 TR (13)
3
JLW
S=$XIDD=% __________________ (14)
D |L—x;:_T|= a5)
M. =E‘{“'_:‘{-i]><100 e (16)
M,
Where:

L = mean length of maize grain, (mm)
W = mean width of maize grain, (mm)
T = mean thickness, (mm)
D, = arithmetic mean diameter of maize grain, (mm)
D, = geometric mean diameter of maize grain, (mm)
V = mean volume of maize grain, (mm)
@ = mean seed sphericity, (%)
S = surface area, (mm?)
M. = moisture content of grains, (%0)
W,, = sample mass before drying, (g)
Wy = mass after drying sample, (g)
Determination of the crop's mechanical properties
Angle of repose

The angle of repose is the angle at which the material
would stand when stacked in relation to the horizontal. A
rectangular box filled with grains was held horizontal to
measure the angle of repose. After that, the grains were
allowed to fall onto a horizontal circular disc that was held
below the box. After the grains were completely heaped on
the disc, the flow of grains was halted. The height and radius
of the heap's base were determined, and the angle of repose

was estimated using the following formula (Sahay and
Singh, 1994).

0= tanl(h—r"j e (17)
Where:

0 = angle of repose, (degree)
h, = height of heap, (m)
r = radius of heap, (m)
Static coefficient of friction

The static coefficient of friction of maize samples
against MS sheet surface were determined. The coefficient
of friction was calculated from the following equation:
(Tarighi et al., 2011).

w=tand ........(8
Where:

p= static coefficient of friction

tan@= angle of repose, degree
Machine productivity:

The machine productivity was calculated during
grinding operation by the following equation:

e (19)

Where:

M , = machine productivity, Mg/h,

M ¢ = mass of milled maize sample, Mg,

t = time consumed in the grinding operation, h

Fineness degree (Particle size distribution):

The ground maize samples were classified into three
main categories according to Henderson and Hansen (1968).
The first one is fine milled maize FMC (< 3mm), the second
is medium milled maize MMC (3-4.2 mm) and the third is
coarse milled maize CMC (> 4.2mm).
Required power:

The following formula was used to estimate the
required power (Ashby, 1988).

Po = \/§><COS(|)>< IxV .. (20)

Where:

Po = power required, KW

| = current intensity, Ampere
V =Voltage, (380 V)

cos@ =0.92
Specific energy:
Po
SE=— .21
Mp
Where:

SE = Specific energy consumption, kW.h/Mg
Po = power required, KW
M, = machine productivity, Mg/h
Operational cost:

The operational cost required for the grinding
operation was estimated using the following equation:
(Awady, et al. 1982).

Where:

Cqp. = Operational cost, L.E/Mg
M, = machine productivity, Mg/h
C =hourly cost, L.E/h
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The hourly cost of grinding operation was
determined using the following equation: (Awady, 1978).

1 i m
=—(—+—+t+nrN+W.e)+— ceenn(23)
h a 2 144

Where:

C =hourly cost, L.E/h

h = yearly working hours, h/year

i = interest rate/year

t = taxes, over heads ratio

r = repairs and maintenance ratio

P = price of machine, L.E

a = life expectancy of the machine, y
W = motor power, hp

e = hourly kW price, L.E/KW.h

m = monthly average wage, L.E
144 = reasonable estimation of monthly working hours

RESULTS AND DISCUSSION

The obtained results will be discussed under the
following items:

Influence of drum speed on machine productivity at
different patch sizes and different screen diameters.

Relating to the effect of drum speed on machine
productivity is given in Fig. (4A). Results show that at
screen diameter of 3.5mm, increasing drum speed from
1400 to 1900 rpm measured at different patch sizes of about
5, 10 and 15kg increased machine productivity from 240 to
327.3, from 300 to 375, and from 350.6 to 432kg/h,
respectively. Any further increase in drum speed more
than1900 up to 2300 rpm measured at the same patch sizes
decreased machine productivity from 327.3 to 310.3, from
375 to 356.4 and from 432 to 412.2kg/h, respectively. The
machine productivity increased by increasing grinding drum
speed, the reason is that the period of time for the exit of
grinding maize grains is shorter when the patch sizes
increase from 5 to 15kg.

Relating to the effect of drum speed on machine
productivity is given in Fig. (4B). Results show that at
screen diameter of 5mm, increasing drum speed from 1400
to 1900rpm measured at different patch sizes of about 5, 10
and 15kg increased machine productivity from 600 to 692.3,
from 6545 to 734.7, and from 692.3 to 771.4kg/h,
respectively. Any further increase in drum speed more
than1900 up to 2300rpm measured at the same patch sizes
decreased machine productivity from 692.3 to 666.7, from
734.7 to 705.8 and from 771.4 to 750kg/h, respectively. The
machine productivity increased by increasing grinding drum
speed, the reason is that the period of time for the exit of
grinding maize grains is shorter when the patch sizes
increase from 5 to 15kg.

Relating to the effect of drum speed on machine
productivity is given in Fig. (4C). Results show that at screen
diameter of 8.5mm, increasing drum speed from 1400 to 1900
rpm measured at different patch sizes of about 5, 10 and 15kg
increased machine productivity from 750 to 857.1, from 800
to 900, and from 857.1 to 931kg/h, respectively.

Any further increase in drum speed more than 1900
up to 2300 rpm measured at the same patch sizes decreased
machine productivity from 857.1 to 818.2, from 900 to 878
and from 931 to 915.3kg/h, respectively. The machine
productivity increased by increasing grinding drum speed, the
reason is that the period of time for the exit of grinding maize
grains is shorter when the patch sizes increase from 5 to 15kg.
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Fig. 4. Effect of drum speed on machine productivity
at different patch sizes and different screen

diameters.
A: Screen diameter (3.5mm)
C: Screen diameter (8.5mm)

Influence of drum speed on fines degree percentage at
different patch sizes and different screen diameters.
With regard to the effect of drum speed on fines
degree percentage, Fig. (5A) show that at screen diameter of
3.5mm, increasing drum speed from 1400 to 2300 rpm
measured at different patch sizes of about 5, 10 and 15kg,
increased fine grinding percentage from 60 to 80, from 65 to
85, from 70 to 90 and from 75 to 100 % respectively, while
decreased medium grinding percentage from 40 to 20, from
3510 15, from 30 to 10 and from 25 to 0.0%, respectively.
With regard to the effect of drum speed on fines
degree percentage, Fig. (5B) show that at screen diameter of
5mm, increasing drum speed from 1400 to 2300 rpm
measured at different patch sizes of about 5, 10 and 15kg,

B: screen diameter (5mm)
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increased medium grinding percentage from 70 to 80, from
75 to 85, from 80 to 90 and from 85 to 95 % respectively,
while decreased fine grinding percentage from 30 to 20, from
2510 15, from 20 to 10 and from 15 to 5%, respectively, With
regard to the effect of drum speed on fines degree percentage,
Fig. (5C) show that at Screen diameter of 8.5mm, increasing
drum speed from 1400 to 2300 rpm measured at different
patch sizes of about 5, 10 and 15kg, increased medium
grinding percentage from 40 to 50, from 45 to 55, from 50 to
60 and from 55 to 65%, respectively, and increased fine
grinding percentage from 15 to 25, from 20 to 30, from 20 to
30 and from 25 to 30 % respectively, while decreased fine
grinding percentage from 45 to 25, from 35 to 15, from 30 to
10 and from 20 to 5 %, respectively.
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Fig. 5. Effect of drum speed on machine fines degree
at different patch sizes and different screen

diameters.
A: Screen diameter (3.5mm)
C: Screen diameter (8.5mm)

B: screen diameter (5mm)

Influence of drum speed on specific energy at different
patch sizes and different screen diameters.

Concerning the effect of drum speed on specific
energy, Fig. (6A) show that, at screen diameter of 3.5 mm,
increasing drum speed from 1400 to 1900 rpm measured at
different patch sizes of about 5, 10, and 15kg, decreased
specific energy from 12.1 to 8.9, from 9.7 to 7.8, and from
8.3 to 6.7KW.h/Mg, respectively. Any further increase in
drum speed more than1900 up to 2300 rpm measured at the
same patch sizes increased specific energy from 8.9 to 9.4,
from 7.8 to 8.2 and from 6.7 to 7.1 kW.h/Mg, respectively.
The higher values of drum speed more than the optimum
values tend to increase the specific energy due to decrease
machine productivity.

Concerning the effect of drum speed on specific
energy, Fig. (6B) show that, at screen diameter of 5mm
increasing drum speed from 1400 to 1900 rpm measured at
different patch sizes of about 5, 10, and 15 kg, decreased
specific energy from 4.9 to 4.2, from 4.4 to 4, and from 4.2
to 3.8kW.h/Mg, respectively. Any further increase in drum
speed more than 1900 up to 2300 rpm measured at the same
patch sizes increased specific energy from 4.2 to 4.4, from 4
to 4.1 and from 3.8 to 3.9 kW.h/Mg, respectively. The
higher values of drum speed more than the optimum values
tend to increase the specific energy due to decrease machine
productivity.

Concerning the effect of drum speed on specific
energy, Fig. (6C) show that, at screen diameter of 8.5 mm
increasing drum speed from 1400 to 1900 rpm measured at
different patch sizes of about 5, 10, and 15 kg, decreased
specific energy from 3.9 t0 3.4, from 3.6 t0 3.2, and from 3.4
to 3.1 KW.h/Mg, respectively. Any further increase in drum
speed more than1900 up to 2300 rpm measured at the same
patch sizes increased specific energy from 3.4 to 3.6, from
3.2 t0 3.3 and from 3.1 to 3.2 kW.h/Mg, respectively. The
higher values of drum speed more than the optimum values
tend to increase the specific energy due to decrease machine
productivity.

Influence of drum speed on operational cost at different
patch sizes and different screen diameters.

As the effect of drum speed on operational cost, Fig.
(7A) show that, at screen diameter of 3.5 mm increasing
drum speed from 1400 to 1900 rpm measured at different
patch sizes of about 5, 10 and 15mm, decreased operational
cost from 84.4 to 61.9, from 67.5 to 54 and from 57.8 to
46.9L.E/Mg, respectively. Any further increase in drum
speed from 1900 to 2300rpm, operational cost will increase
from 61.9 to 65.3, from 54 to 56.8 and from 46.9 to
49.1L.E/Mg. Both higher and lower values of drum speed
more or less than the optimum value tend to increase
operational cost due to the decrease in machine productivity.

As the effect of drum speed operational cost, Fig.
(7B) show that, at screen diameter of 5 mm increasing drum
speed from 1400 to 1900 rpm measured at different patch
sizes of about 5, 10 and 15mm, decreased operational cost
from 33.8 to 29.3, from 31 to 27.6 and from 29.3 to
26.3L.E/Mg, respectively. Any further increase in drum
speed from 1900 to 2300rpm, operational cost will increase
from 29.3 to 30.4, from 27.6 to 28.7 and from 26.3 to
27L.E/Mg. Both higher and lower values of drum speed
more or less than the optimum value tend to increase
operational cost due to the decrease in machine productivity.
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As the effect of drum speed operational cost, Fig.
(7C) show that, at screen diameter of 8.5 mm increasing
drum speed from 1400 to 1900 rpm measured at different
patch sizes of about 5, 10 and 15mm, decreased operational
cost from 27 to 23.6, from 25.3 t0 22.5 and from 23.6 t0 21.8
L.E/Mg, respectively. Any further increase in drum speed
from 1900 to 2300rpm, operational cost will increase from
236 to 24.8, from 225 to 23.1 and from 21.8 to
22.1L.E/Mg. Both higher and lower values of drum speed
more or less than the optimum value tend to increase
operational cost due to the decrease in machine productivity.
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CONCLUSION

A local grinding machine for grinding yellow maize
grains for producing animal fodder was manufactured and
evaluated taking into consideration the following indicators:
machine productivity, particle size distribution (fineness
degree), required power, specific energy and operational
cost. The experimental results reveal that the highest value
of machine productivity and highest machine efficiency
were 931kg/h and 99.8%, while the lowest values of both
specific energy and operational cost were 3.1kW.h/Mg and
21.8L.E./Mg respectively. The optimum operating
parameters of the developed grinding machine were found
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at 1900 rpm drum speed by using 8.5mm screen diameter
with patch size of about 15kg.

It was recommended that using the locally
manufactured grinding machine to grind the maize grains
and get the highest productivity with the least energy
consumed with the lowest operating costs under the
following conditions: Drum speed of (1900rpm or 36m/s),
screen hole diameter of (8.5mm), patch size of (15kg). To
obtain the required fineness degree, the grinding machine
can be operated using any screen diameter of (3.5, 5,
8.5mm).
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